
GUIDI:LINIlS FOR HIGH IPIID ANAIAtI DATA TRAN"'IION IN THE
SWlTCHID NITWORK

CONjENTI

1.IflITAODUCt10N .....,,----.-----,..,.-,,---- -_- ..., 1

~, .._ - , ,- _ - , "2. V.:w Ft.nrIIS ----- , ,--------- --------- ------..,.,-- .2
2.1 "".J" \I, Y.'UasCONP'AILIIC)tII
~.~ \' 14 FiAflJaU, ·~.•.._....•...·.~ ---- --••••••••~_ _- - .--.__••.- ••." 2

~.l. /~ H _ - _ _ _ __ _._ _ .._._._ :!
J.: : L,,,,. Prubutf·· .. _- _-•.._ .•.- _._ _ __ 3
!.: J pr',;.... , _ -..__ _ _ _ , 4
J.2.,4A~" "".EMp#toIu _ _ •....- _ _ _._ _••" ~ _ _' ~ tI

.J.J,j A-""""""" CoIIIlNl _ o••••••••• , ,.a ~ 4
1..1.' lrfultl.~1 rr.HV c-.., _._ __ _ _ - ,

....._ _ __ _ _- .- ,
....1HI 1.. 111

... ,II

JtJ '; SIt,,1*,~~ _ , _ _- - ,d
2,1.' w.."",.. ,..10 NfJJt., E~_ .._.•" ,.•._._.._._ _ _-_ _ ..- , H"' ,

2.~ 51 I.,.",.".,......... ..'f , _ ~ _ r."_ _ _ .,. _.. ~ _,

3. TU,NSMISIION 'AI4MITEIS JOlt V.,u MODDCS
3,1 BANOWtOTH 1tIOUt1U!M1MTI Faa D.t.TAIATESiLIcTION••_ _ _ ,.__ 1
J 2 UCII'\I EL!VIL (C" D!1IC'TI ....•••••._ · _ _ _ _ _•••_ ••_.NtH 1
3.3 NOfSi R.EoutUWDn

-t.J,.OC4L oauVAnONS.

II • ..... 1.

5.1 SVSTEM CON'IGUIA.'I1'ON , , ,.. - __••••••_••_ _ _ lO
5-2 TEST PtOC:EOOIlU ".. . ".- - _ 11
5 3 W~t.TS ...•.. , __." _ _ _ _ - ,t

j.J J T~,rllwtt" flCMCGftwN4GftI _ , 11
j J,: l.IJc8J cabl~ rau· _~... .. _._ _ II

6.. G'£Nl.RAL A.SSUMrTIONS -_._ _,.., _.. ..'101'"' ' "."' It4 , 11

.,. CONCLUSIONS ....._"..__• ......_...._ .... ,~,tl".,..t_..,_"..,"'._--_-- ... 11

I. R£n:u:~CES---.-------·----- ._.. .. 13

II -



&UIWtRMB-2
' .. 12a(U

••
GU,aEUN'" flallt HIGH &FUD ANAL.OG DATA TllANBII....CN IN THE

8WlTCH1D NI'7WOJIK

1. Introduetion

Thill rectauc;li~ l1'M) .allG ,uidlfllllllarhiP........ .--wi... on
a5W1='*l nelVtOrk thac ..n.ou .. 'nI, _il.wi'" tadIYIMntart
confilUZ'luOftS an4 new NPI'P"d modIm tIdato.....

The on,",a! 5:. arUn, dOcUment wu to tMicI. JII'II"d fGr 1111 local _haM aampIfties
to allOw U\c:olr cU$lOmen to nan v .W'· ......M tilt ,..oru.1OO Iti.,., tf:Cand
(bpi I, Jt became apparlncu.r chis is IlOl alwayS pGIIIdt. II1M)''''''.,..... OIl
how each euscomcr's Hf'Ylet as _,,_ fA diem..... till ....'....- all to the f.tr
end. in miifty caiCl. It wil1ln: co 1ft I:aamtct 5trYiae PnMdIr (lIP), tKiUtia 11
rnftucnce the o"GIU da1a COIInICQOft. It wl1111SO d.,.sd __ unci.

V.341 tec:nno\al) 's Dlsed on uewnptiaes ud ........i_ tIIIt tMIocIl1llepbcmc GCm'IPtftin
ha"" "0 00",",1 OVllf. Howewr.1ft~ othDw V.34m....mau the cann,C'liOft win
lake some Qf the myaery ouc of Ihc biack box.

Laboralo~ ,nttl wert' eonctu.etcd 10 de\lmUJlf the cCflm or1lii1oi to ..... (All)) - CSilJIaJ 10
.",,108 <0:") CO"V.....ClftIi Oft V.:J4 modem~Alta.~ 1:I'bIa....with
bndpd·wps (BTl wen: put undIf teIC CO undcmaId CGIIIICUcn. A cbut
bas been dt:vtda"eo In an anampt 10 quantify the effects of_ MtWark Oft IItY I'veP
caMe,non.
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2. Y.U FNture.

2.1 V.,u Woo V.3D1a CcNftINII'ia-

AS With !he V.32tH1 rpcc:U"cm. V~ .ea..Z 6IU ...dial_.... 1 _
~I bam I)1ICtnaaus"~ LibwiII. dIe.,.aftcalian aaUs far
a~!l\ltl' Callback c:onqwibihty with 1Gwtr 1UCb as V.32 ..V.mis. .

A briefeOM~onof the differalca .... liM1IIIaw:

I v.ar v.:...
I I
j Mociem T)lt« I F1Z~ MC)d"taaan AdIptiw ........

IOara 1la!e~
tI14.4 ktrpS .. 7J .- 2I.'»mps-2O.

I
1 BandwlCSr.h ftuel v.-..

2-41IMftsnma\ "'-dm-aioaaJTrelhs Cadtlll

~daplw.EquahZl\\OI\ l..UlICII' PnlCCIdial

\ MIl)pmg
Ilzon SboII Mapplq l6-D ShIll *PPma

\ .-\UX,illry ChanI1cl
•

None _bps

I I
1 OpctInns Mocks f Fad1 J)uplel FuUDuplez

1
t RalfDupIft (fa) HaltDuplcx (Fu~

c

Z.Z V.J4 f*Htut'a

nurse' &1'" tnc new fncures of V.3' modems tIIIl wil! ...- to w tQrphane .lWCItt:

1. NClottauon hand.hlkt
2. Ll1'\C Probtne
, P1'rcodlns
.4 4."1.... Pnr.impMsll
5 Ada"I\I, POWIt' CamnJi
6. MUll,eodlfMftl...1T,.ua, Coduat
'7. Sh.U MavPmI 'a.k... -IMI)
8 Warptn!

Ho.. do thc-y 1<:...11)' work' It " I~ NIl _.... 11w(~ le.l:IricI
d'SC:UIIlon (It thl m'Jor (aafts wh.eII in V." madIrma.

:.1.1 ~ode N~~tioD Itaadllaatc.

i
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A. new ...... swt u,. praNdure dewlopla~ lor VJ4.......... V.I. met"*,,
bIckwn compaabihlY to allla*lr' ..;e prcMIicnIs.-=.-..~
WIth Ute v.32biJ cScfaned, Au"' Tbit is.. tIM IiIMl~ tbaI
QCC\II"I befMIel\ cwo V.~ modemIwtIIn canftI,CI-. AJwith.. ........ 1M V.34
specifacaUD1I. V.I "an 1..".-',......,. 11 V~ ...... '" iiidann fIIUI and moIir
..-a1l0ll q"acldy••1'-1 V.31 (300" FSIt) to ac:hIap Uttcmnaaan.
Nqoaauon paramctaI ma" IIICh idwn". a:

• IdtmuflClhOft otV.34 ntDdemI bm all 0IMt'1fllCl
• Da&a maGe ar Tat PtMIfte opII'IUOI\
• MOdUlanan modis .m1Ibl,
• v 0&1 aut \' .42bll WOPQn

• Wn',1me or Cdlu'" ot'ftIlicm

2.%.: Liae Pmt".,

1.lnl proinn; 1SUIC masl Upiftcql~t __~ .... in eM V.U IIIndad..
h 15 the WIU: cll*rihty 1M, ..lowl a V.l' ~ cbIoIIthI ,
pcamcrers for InY J'Yeft WCptIane~ Ie it the of~

dc\Cm'llftt W order of the reaanl II) be .,ltIIIaIfC.

LIne l'room. 1$ a b1-dtRChOlSlI balfdupla....whioIasa""'"......ty••V.I
nllOnauo1'1 Jt )"votvcs dte Il'alnUllJIIl o(Zl tanIS -.ma".. 150Hz 10 )"0 Hzu.s .ncrwt
eM dlSl:l.ftt n:cCt\"et CO InIIJya dw cbIzutIristics ollhe.....0-"'"......, dIca
transmssslon. The modtms use thas lme aulySl1 iIlformauan CO oIIaaIt sewrallce)' upIfInns
parwm.c-n. "Ieludmc:

• Cam~r FreQuen.:)' and Symbol Raw: 1lua decem...opc:imum bIndwidIh ancl pllCmc:1lt
Ceenltl freq~C:Yl of the U'InImmtd tipal WUbift tlIIavaillblt: Ghltwl~.Tbe
mogc:ms klve 1t poUlb.. comltinalURlS to eMosa &am with 6 diffilrcnt wrnbol III8$. aoh
WllA : l:t<Klilble camer frcquencJes. "rhrwe orttle symbol .... arc maadatllllY II'ICl mr-an
t"I!'t1onal (sc. bandwtdclt flIqu,t'IlIIWtKS~

• Pre ·Empnasl' SelccCloa.. The modems dIouM .............."...n:;Alllil filler from •
mtrlu of 10 a.ftned fiUwrs ,n the V.14spmf~ (_~Pre«nphMU)

• Po....·t! Concrat S.lceuon: The tMiems cboose th& opcsmum CI'IftSI'nIUIf aatpUt pawa' ltvel
w"n I ran.. o( ~c:la:uon of I. dB m JdB lftCI'I'ftteml dDMS fmm Ute JIOIftmal-9 dB
trlftmnn", '~el (see A.daaU~Power cona'QU

L.lM prottln, " perionnecl Oft way ftftr caanectian 1$ ......, u ... ftItl r..a occurs. whic:h
.:an be -performed at anyaml'dunal acaanccllQll. 11UI IIkIwI V.)t~ cmty.....
~ nn,e ofdlfTc:rcnt hne types tad chstarUou (ram call til call. _a'" "1..,••VIrY1I'I
I.n~ condlucns ov~ lon, penods oftnM on ay p".........WiIh V.:u madans. a
performance -'y, m'N ,..... til 111M~ dil&cwa0llS.1IIe"'mCD I'C-tmer !me
JR'Ob,n~ allfty umt' to aciJust for. i.e. "IdaJR to" 1M preyaim. CClftdiIians.

NO
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I'nIedmIIS actually I madiftcaaan an 8\~w......, 4WWI',ld"" If'1O'I
Ir»OWI\ as DICISlOftI hlllbick Eq1.hatioal ar DR.. DtciS1IIft , haw baa
prown to be cae apmftUftl1WCl1¥tl' .......1C8MMI. for .,.. ell'

aompmsaac far~boJ ImerIIfDII all> CIUIId '" ly cliltllftlG~ Ttu"
euen&iaJ far hlp spnd mocIImt thatMId 10util_."."__ orthe fhrq\llllC)' "ClU'ID'rl
avaiJalNc on me line.

The _Ie ,da IS to .In Ute DFE~III_ ad die ncei... 1n 10.....,V.34
n:ctIYlr cah:uA~$ \be a,mmum eq'81lUf caetk1 U l' WGUkI for. narmat DPL • relays
tMm back 10 the nnmtlnlf where die__ lipal as.......,.. .lIIIIIiIIion. ".
1'CIU1~ IS the belt ofbeD worlds, Dec1S1G1l fwdblck Iqula.acm~ "1ft"-eqUI1satton
1M Tr;llls "CodUI~" whK.h ~a OfPre.codinI."

%.1.. AGaptivt! Pn-E.......

TNI ,$ another rcchnolQIY lIkIft from me...CMIMIl)' -.n."_ "equaliration ar
"pre·empha515") and c:nnanclG wub IdIpnVl1nC8lUp.-. 1n dac,.... hive
eft11ILoytd I fixed version ofth".....wbile II V.u it is tdIpciw bIIId an IOIUIlliM
Characten5tlCSo. With~~ cbr:~ lipal is''''*-p ...
filter which booSCi Sllftlllaa some pans ofchi tIIftIINfIId wIlDt Apals In
om", pans o(ml J1IeClNm.......enrpbuis" YWY efIiaCIw ~' tlalMUon.
The Ion IS to aPift prc.compenUte for known ..." diMraOas__ in Line Prabinl· If for
example. hnc problna daec1Ilhat ICVCr1I tolHtr IS Pillalt It.....l*ftat_ chDMn IrIftImll
spectrum rben an Il2propnaw pt't..mphuts Alief CD lie unradI_ in the ......... to
eompe"Slte' Not ow"y II Ute dlflCl e«ea, or&hi AIIMl cliS10nlDft compealltlO fac'. bUt_ more
lCYeT't 51d~ dr.c:ts of non~hnclt 4ts1omOft 1ftmanimiad U -U.

The tncethlfllc- carMI m with tn, seleen., of which ......cmpbasis m. to \Uilb:c. n. V.34
spccaficauon defines 10 cbffcreftl pra-cmphas\s ftlcers to chaote tam. nc lIlIormacion .ftllfted
dunnl lane 'Probtn. " the pnftW')' dee1SIOli anmna in SI.aftl the Qllftm1lm pre...,..... tilter.
me actual m~thad of whlcn \s ~ co the ,ftl~lementQf.

2.1.5 Adapdve Power COlicrol

Proper scleenon of lZ"In$mlCllr power IS entiAt ,n mp IIJ!teId echo cualin. mocICm5. Uftlikc
older , "'1r~ modcm5 or lower speed v.mas clau modeIu. R .. JlGt~ thac ...... 'll'lftlmn
power IS always bcfter. Echo cecil... ftWi4ems nnd toma a '-"1m.
fraftlmtUion~ wn,ch ca Ift\IWOYe ...... to ncntO t'Itio for fUIrivIr. but GIft
Insroduct Ultdes1mi .ebo dutoman (or die local n:ccrwr. On '" 0Iha''''1OO low of.
transnnftICI "1M' compvum.1a bafC siInallD ftDI" fMio. AdIqIh~ pOWIr cannl ism
Intelhpnt. adaptive scheme which IUlQt'ftlhClUy Klld Vac opcillUft IIftIIftlt~I bIHcI an lme
p1't'bmJ rc$lalt5 A telatwety 11ft\,1e eotteepr.. lHn a ClI'mClllIIdco~dehc_ bllInce.

1.:.6 Mut~i-Dim...sloa.1 Trellis Codial



TfIihI cocml. s..IY)lU1 il. aw-na ...,.,... ...._ 1IIe~or_cackftl t$.•."u.·~ ·wbiQ" of".rd 22 ~DVtr.
unoodcd man. F 1 " of 1£IWcodII...,. 11'1 eM
V.34 IpIC1ficllton • CGIftIJIfIlll- the '_ ill V.12'bas....

The slpsflAftl JM)UdI ra1ati\fC 10 lIIIIIlti ianal codiaI-:

• V.:w....,AaysdU'tC '_I np.....2-di 1
sdlcma cmpJcwed at V.32bI5 i•••_l fGIIIId 10 providIt 1M .....
offberwaft perfomucc. dllay'"~or uaa.

• As COWl be Hen by hipcrf~I'"'no oo..splJliwy 1nl4a0«...V.)04 ......body hal
lr:Jproil,htd the hats ofdianN.,... eo ........_i.cd Jliftoraaa.

Occtng

i 2DII 20.....
(\'.~

fII I's
401••• f 10II 4032St.- II I~ 4064Sta

0

. 'n.+0 COdIt~os &QQDIIITt'lIdHI'..nPIdIm..a. DMlYn
Ccmp6t1lPt

,....... 1

- ,. • s



~.7 Slid MappillC (S.,bta>

In tqb _It 1)'I'ftIIo! ot bi1IlItd...
blU. 1M. ,,, .,-..... .. '1••_ 1....
COMteJlaaaft (u__ lit f 2),n. toIaI8d.III",
IJIIW IqUM1_for~twit ' .._1 p'U;iI .......1
ocnmtUauon """"a:&I _ 1 $S die 2
duJlCnSlGMl ..e \II suah • way N • taaqwud-~__ iIarasIDIty~ ly 1
dB,

Thrc~t IS bastcally dlac an ..w be a ~ bowncr.1biI is
not pDSSl121'. Sull mIPP1ft '" Irid
c:onlt,nanon to I "'..~l"" wiCb 11111'.~or_._poiIds. _::
dlmCI\5JOftal space. The net ttrect "Utat die~ is.,. "" tipIlto1lO1_ raao
,s "nproYed by 8J2IIfOXlmitely 1dB. 11Ic V.,.~ 2""" of....11 ....l1li
whIch are ndlttd In ."", of 'he resuluna ccmstalllUe .zpIIMtaa~ 12-'%..~ apInIIQft.

ShaPtftg

• • • • • • • • •
• • • • • • • ·" .. • • • •" • • • • • • •• • •• • • • • • • • • • • • • ••• • • • • • •• • • • • • • • • • • • • • • ••• • •••• •• • • • • • • • • • • • • • • ••• ••• • • • •• • • • • •·, • • • • • • • • ••• ••••• • •

• • • • • • •• • • • • • • • • •• • •• • • • •
• • • • • • I • • • • • • • • • ••• •• • • • •
• • • • • • • • • • • • • • ••• ••• • • •• • • • ••• ·".• • •• • • • • • • • • • • • • • • • • • • •• • • • • • • • • ••• • • • •• • • • • • • • ,
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u.a \\'al'pia. (a.k-a. N U...r s)

WarpII\& '"lAO''' Cwm of ooimI JPlCifially 1G combat..eft"tcn5 of
Slpal ~tclw1nltlcb __ .
Non-lmur dutanum I.,.... ill ,n~af.'.."_""" is~_due••
PCM cUlltal awodmaar. aulOl ....,.....1.......otPCN ....... eompaundld by
the S1Qft-Ilnclf cknamoalM:rDduce&l~ _101 CGiap..-"• trUlfOl'lDlfS and loIctial coils
~ havoc an chese lqh"O.......

Warp.", ,. I meaf\S of ndma aff ......1to BOde IIDIIIIIftiI)t tar .uuallllllu ill apa)~
diSlorUOt\ lrnJ'ft\l'll1";. '11\1" 3 $howl haw war"", does...

Warping

,. .....
• • •• •••••..... .....,

•• • • •• ••• • • • •
• • • • • •• ••••••••
• • • • • •• • •••••••·....,. .. .........

• • • • • • •• •••••••••• • • • • • •• •••••••••·..,. .... .
• •••• it •• • ••••••••

• • • • • • •• •••••••••• • • • • •• ••••••••·...... ..."....
• • • • •• •••••••• • • •• • •••••

• • •• •••••..... ."

•••••••••••• ••••••••••••••••••••••••••••••••••••••••••••••••••••••..-.....
••••••••••••••.......

•••••I' ••
• •

Knov.1nllt'\a1 noft·hncar cilstanlon .treeu lbc OUIer~ ,o1lUl mort severely Uaan~
Inner consteli4&uOft polnu. me cone"n ti to COn\FOftUU chi... IIIIIIIUIIUYof. iMlf poilUs In
favor of tnt more IUsc~tib'e O&n pomu. The \'e5UJt " 1hat dw tMD clmance~"IS
sn'rtaSC:G In !M OUUft' mnlC of_ conIt.nauan (ImI'fOVUlldte irnmunny to IU M'CI ordiI*arlsoc.
but l'8ftu;ullrl~ nort·lmear ckstomon) while the man dJ..-ce be..,." the mftetpad isTId\lltel.

Inc V.3~ acandlrd Ua ncn IIIIMt1e me ftatl .,lanwalatian ofaU fft1urR wi1hin _~
T'neR Ire mllmftllm reqwrctnemllO that madall$ will ......."- V.3' lnel bUs it ,..". the
deulls (0 ttl' mmuflCcun:n 1:10 t'IIIIIUfIARr dIdda~ options wfI1 be UICCI &ftCI mwMl
l>fdu the:.. wtU bt JdCCI""- With tbaJ cmmtw. 1t '" \IftdIrItOO4..\ben ..U'MIIoftlllKi
.:Qml'"'aml$C$ DeUSI m" co opu..... Cbe V.U modafts perron.nee with the cOI_iGn over the
nc:rNOrk. 'The daca 1'a\C$~" tbcNfon be SIt to _ mpnt.....1fle lncllU so tbe lowest
denon'uftllCM" ,,{dtt' mad4Jms f.c....balif,y.

1



3. Tranamiuion ".rametln to;' V..U Modems
WiUt If.1I'M wdr:rsta1idmt of what en. V.3A mactlftu ..... in 'Ispa_ 101M .......
~ a look It lhevusmtsaon~tI.. 1IMdaS. 1'hc V.~ riD..........
requfttftltftlS .... buf4 on mocMM ""'........an MdMedIA.~ 11' _lephany .....
The un-ponll\t~ Il'O bInclwiclch (fmlueftq"~'ii"'~RIOI1Y.IIW:I. 1M aGale
requirement. A5 tIw V.34 ovet'YtCW VUd toin~ Ibc_dau_.......to.""
netWork van'hons ,me .CQUI'l' _ apIIIftl2e"modaat",~
3.1 lamIWldth _""."."",. tor0-,.. ItIIIfIM
Tb-= rrt1 R.uolJlmfft.hoft m......." c............... It...--.l rables ad
c.lCl.\lanonl to put ,e Into cmm lhat mae AS ..-woms. lbe 1IbIc bekrw shOWI 1M
relanon'hlp berN"" 11M"J ......~ I~'..it __.....
er.pTCii baud ralt; Each I)'IftOol ncodcs u mIftY II (I) &itsof'" ,..cII,...
rate £4::1' sym~j rate ,:uQt 3429 bill twO ccntlf~ 1D '*-..ad__.ned
hllh U\C 1o,," Then" a~rQl,.lmlllCtya %00 H2. cli«-toa bInctwiIIOt UI&'d. nul it 10
com~lte for freqUCl!W'I ron~ft •• CIM the hip or low caM .....

Symbol Maaim1aIt
Rate ....

!iCC

2400 Low J600 HI 400·2100& 21.6
H,~ 1100 Kz 6OQ. 3000 ih 11.6

i.

I
Z"14:1- ... l.ou. 1'640 H3 2'.4 • 30111& 24.0

HI,h 1129& 451·3200 Hz 14.0

2100 • 1.0...... 1680 Hz 210·3010& 24.0

I KlCh 1867 Hz 461. 326'1b 1'.0
t
\

\ 3000 1,.av. 1100 Hz 300· 3300 Hz Z6."
Htrh 2000 Hz soo- 3500Hz 26.4

1200 La\\ 1829 H% 219·3429 Hz 21.8
Hl~n 1920 Ii: 320· 3520Hz za.s

I
I 3..29. 1959 Hz 2C04 • 36'4 Hz 28.8
I

• OpUon&l SymbOl R.a.C4

Tel~hane can"mturrementa Ire usually .wmm arouacl300 to 3ODO Hz. Iu de _le iUaamnn.
\' .14 moaems 10 well beyOnd lhese numbers. In ",liey. the Mt'Work halllCft~ than the
tan(fs Still. bul chtf. an no paramIII. Dift'mm lllIIIPOft .,••willl_tthe \llnctWichh.
Wh~!c Uus.~s not effecl VGlee CCIMICt101l$. tt will chM.p • ,.nDmIIftCC at I VJ.4 modem. It
linoulcl be \.I"derscood U111 these~~~,nl the very limns of the .lephone spccuum and
tty,", to adapt to 1M ;ondU'Dn$ mat an ......

3.2 ReceIve '-wei (e.,.,;. DefHt)
The In: rcc:cmmenaallOft un t.breshold levels far carmr ......on ls '\twl ...... thin ....3 dBm.
11\\5 l' th~ m04nn 's rc:nn for rt~"ve l~\. It hu been observld t.bat 1IlOl1 V.34 madaM HecS I

1 -
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tlYel of ....c dJm at _ mp enG af" bandwMIib .. '" the Q1ftN\rae.bte~ 'or......
If I modem teJ1StITC II l~t of-42 diM at 3G HI. men if woWdII.I ...1rate ofUOO IIftd
use the 'ower... frlqUIftCY of 1119 Hl. Tbe da1a ra~ would be .. It 26.4 KlIIII iful cxhtr
PIfIJnltcrs VIm adequate.

3.3 NoI.e Rtflultelrtem
on. mJ V.34~ daanot~.......__ nquu...ts. It '&'II fteCIrAII')'
Ie check v.nth m'*m lIIIIftu&ctlnn. As 1M OWhNWl1Idiclted. 1M--n.ta of_ V.34
modem tl -m)' com,acl. S'pl.fO-NOdt aauo(11«)....,.,...., &l1d to be
met. The lower limn 1naC hali bwn ..-.s IS 32 ..u.. 11Us is die IGMIt SNJL Meded 1D ..
Ib~ to CQMcct at :8.8 KbJK 01\ V.)~ macIem&. ..... .urnquilCAWiAve ...... tOJUII'III*
only. 24 ctB sm. ". n8lWGIic has ""pi0_..Usi. UIIber II acIIicwct ill _1WUOhId
'n'fWOJ'k. inn older 1')'lICS ofncrwork .'_asanltfU 4Ip1oyqlN1. II such. • SNIt of32 IR'
~'«:annot ~~.

B,UCOR'S TM·2S20,1tl reoparrccS szpJ-to-ncMsc _CIS far diP- c • Wb.s &1S'II1oI-to-
dlg1tal (A'D), c'*' • dtlStat-to-analq COlA)~ oaaun...is & SNR or36 fO 3848
mmured tht'Oqft the Ulftspan. A UlUwnaI 4tptallaop CIInII' (WLC) is •~.....
faun<i 1ft thenc~ Two ofdat1I'IafPOnI weukI MUh 1ft I INaor33 10 U dB. When a
toc:al StA"teh and cable 1$ 144ed n_ thelQUMlan. me SN'A WOI&hl fal' 10 32 Of 'as, "nUl would
drop 'the dati rate OM l.vel.

4. L.ocal Observation,
Thcrl: have been reporu tram locoal COIllPlftlIl~ co 40 with .nan lac:a1lOap5. UWII
dctlfmlnecl thl~ loaps wnh leu than 3 ell of10u wetI ftIftIliftIlower""~..ratft,
ThrouJh a'\&i and error. pedOlTlllftCt wu sameamn unproved by addiq 1dcIiUana110111O •
1()O~. The undcrl)'tft' flClor was poor mum lou modems GOUld not aacel out Ute MIl'
ena teno tn:\l ....s ptaetuced. r= mDdIms would iMlifiilt 1bI lOboII......adj_ the Gall
raft do\,\.'n 10com~. Thl' a.1 !undInwncIl 11M dill hal bin IIktft .. by Use !1AIt1A
StAndares Dod)' on amlol m0Qern5. It. nt'W netWork model ... been propod 10 more aceutlltly
ren.,r the I£:tual s\Vttched leitPhonc MtViark.

Th.,. sarn- ~ho'" loop, Cat! ,.era,. hI,.. gurreal thnMaP some 1ftOCIMb IftftSfonMrl -.m:t ClU*e

pour Pln·orman,e. CWo(omen have had la add baltncecl fI$1$fGrS to the line to rc4uce the cuncnt
!low tiV'ou.,h ,hest mCKMms. AM'" ,..... II with~ dial ..". .\atnmicI ......UOft whioh
ftii~lates tnt eutTent Jrthese modems Irt COl1Meted to • di.,calloap cam. (t)LC) dllnnellWt
thlt a,dJuSts transmslSlon level$ based an loopmi~, the maQerns will r=clve I bot IIftlIftC1
kaye: 1"Cltum loss problems.

'n,e cUltom~ :a home cnvnonrnent GIn d'fCC1 V.34 macIIm ptft'fonuJlCl!. CuICcuuf pl'lftUleS ware
can PIC~ up no"t' when M'lncG nbk pam: II ftCK uuct. AlIa,' dnGt nan tnRn _~may
i11Ye lOme: tmpravetM"\ 1M other laurce of M'1t: au come &om GIbertet~ _ on the
same line ~ ...eU as fax mtC!UMllItCS~ tftICtUfta. Rcmovtn, tbeH cItViCa ft'Om the
di,u hne ;ould hel'p 1ft ImJ'I"QYmI data COMeCUGl\6.



SCPtK.: ...... No. V7..%,;Iv.4"

!shJMt RMB-2
"'21 or21

5. Modem T.sting

s.., lya"'" Cortfiguratiolt
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Tlw 11:5( I~Nps ~llcd In F.p1IS 4 and 5 itMrived I SLC H COT.. loT wich appiu"". POTS
and tNG LUi.. The acccu 1y511m\ mF\pte 4 was inss111ed U INIII'I'ICI DLe 'tI'i.th U\llWI1Ch
localld at the Bell,ore f"1hey m btl Bank. NJ. The DLe IYICI'mS __ IoCa.o at "BeUcon:
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facilityIn~. Ballcorc....nelWaI'k MUXa WIII:'" far..DSI ....-:tICIU
bPw_1ft Marnstown _ b:t Itftk. 1il aI\ cues. acb1)1"was IDDIDy__ ftam •
S...... I lew) ....etoek ...,.,••

,... 'OIl of tbeIe taU was 10 detmni1w _ data uaekr cliffcreftc coMImmI. A file
was ftnsfernct Wrwa'D mockml to 1aIlft a~ ow......

A Tekam MatyAS Sys1Cm5 TAS 1022Hi-.iu1..a...wu IIM4 Ua CODIrDl1bl .
PTwomm PLUS for Wmdows ..,.. ......,~WiUl ilia TAS lo:l2HS. A ftk .
wntml m~',W\nGows AIpct S&:ft1rl (WAS) -aulCwu ucc1 to IlUQllllte tM TAoS
l022HS 4••1ma. tile !rInsfer anct tA c&1H'ft rest~

1.3.J Tnu .....ib reM e..""...

The table below shows rtS\l'U of... .rihere tIM numba' or1ftIJ0i to cliJital CGlrWWiiGftl _ u.
l~ lenf'h$ vc vanld.

Numblrof Asux .Iide dB 1.011 at dlLoIIat
canvenlons lOCMHz HeM

I ftI na 4.6 13.1
I 3 K.ft JJC.ft 7.1 18.4

.. 3 Kft 1.5 K.ft 10.0 10.2..., 6Kfl 1.S Kit lO.S 33.4...,
9 K.£t 1.51Uc 12.0 36.2

1

1 n 1.' K.tt .~ 39.2I
.,...-

A 8
Data •

21.'
21.8

21.6 24.0
21.6 24.0
21.6 24.0
1'~ 24.0

As He!t m the Qblc. one cbgnal tOnva'llC'n ~iullld in ,maim" COlIMet ra18 arU.1 ~...
KOWf"'C'f. there' Wl5 ttt.hef no loop IftlChtd or a wry ..... 100p WU pa..... The raWt wu hffJe
frequenC)' roll off:1I Ute hl,h -. When 1ft MGstaoaal CGftYll'lion is~Uw data late draps m
both dtreCtIGn\. Thm \.$ no addltumll efTtet wid\ 'OGP l,"ph Ufttil derthe 9 Kit SlCQOft il
Tlachtc1. The: level at 3604 H: SW'U m Bits clQaCf to 1he -40 clBm potnl at 9 M Iftd It 12 Kft. it "
c: letS' ,",OUlh to It th.t1 Ute daQ file IOC' dawft anad\er lew!.

5.l.2 Lo,..•• Cab•• Tats

8elow 15 a U1ble wmcn Itwwos tho GDMKC ma wMn -ina. fiftIA IGapI (WAd in n-NWT·
000393111

. The5C 10O'P5 \WrI used to cSetermute the'"orcliflirlntcaw.....bnGaed·
tipS (JlT) on modem conneCt \"11ft. llaty 11ft aet\IIl cab" 1 in Clw BIIlctft MarriI10wn
ub 11M il ",de of the leS~ confilWlUOl1 ..,.. III t1 1.5 XA 01'26 cUll 10 npmcM 11\
Intcmct serv":1 ProvidC"l' on • shan loop. CS1Mr 10 • lOGalIW1'1Ch Dr • Dill- Laatt camcr (l)LC').
1M A $,0« ~C!Sw1 tYP\cal ra.tdcnual \UiIn. Only Ofte 4iFw.l c:OftVCI* " prIIIlM in ttu5 Ie(
of tests

- ..
It
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,.
13
12
II
10
9
8,
I.
5
4

J
'I..

~ot"
. tQl

2
1'­
l~

13.5
12

16.5
IOJ
16

13.5
l'?~

l'I'15
16~

11

3.$..
~

o
1.5
1

• 05
1
o
1

1.5
()

3
1.5
o

II'"
n.4
11.2
11.3
11.3
l2.3n...
lU
lU
12.1
113
13.0
13.0
\3.1
.4.3

21.5
27.6
27.5
Z7.J
21.3
27.6a.,-
21"• .6
29"
lOA
Jl~

31.6
32.7

~
:16.4
26A
26.4
HA....
24.D
HA
».0
~.o

216.0
24.0
~.o

.S

.4
26.4....
»'4
26.A
HA
26.A
~.o
26,4
:!6.~

24.0
24.0
ZI.o
26,.4

.0

The results indigate tNl ~pd-ollPGOa ROI dhady.ea*' dill~otV",. his
men clcpendaftt on the KN&lllftph af*' c:abk. n. ella.. II__c 10.5 U_
i6.S Xi. The dam. nee ... down DIll""" It 15 Kit.......... 'IXft. "......tn,
LS in che power ~oss It tnt mlh _ ofthe.,.etMft. ,... ftIOdIm waWd III 'i"lIItiaiII.at I
"amlnal lc:\-.:I of ·10 dBm. Tht rtCIivellvcl as .... -16.1 dim far ioap.15 ad -42.' cIBm for
1001) ;;l. The ac:tual1eYCl is ",-nat 15 detmn_ 1M daD MI.

6. General Assumptions

The tab~ below could be ..... as an aid to el.te""" the ... ClIP.......... ,•• V.:u
mcdam over the 1mn 1..ATA Nt:rMHk. II is umn_ 1M' &bIrI1M _1IWblC santlitiaaa.. &11
1009lS are ""'\tAl"nermal~. It IS"" MYi..t»11O all_lIt••1II ",,"w~10"
I'u:mbm.

ChOOse one: \u:m hra a= aw1IQbte ••PlYIIIC! pIact the 1MIIbIr til _~ ta1bc
V6h.. boa 19 ;he nfh&.

: CUStamet lOOp o-9U NL (0) , • I:! Nt. U (1) 12· L' Eft Nt. (3)
i 11 • 24 Kft L C') 24.30 Kfl L (10) :> 30 Kft I. (12)

...... V••-I- -
•



,

l.pep eu INo DLC (01 IDLe' C21 tJDl.C (6)
...... carv..... J

Swneh T)"Pt ..... (0) nilhal (1)
h •.-V.e-'

11Iltcroffi" FacdlCY Dlgitl1 aawc C2l AnalOltlDdltft (.) BIB T-car (6)
J'adltJv..... r

Swtte:h TYP' AftIIOI (0) Di.... (1)SwtIe. Vain. I

i (. INo> OLe (OJ IDLe (2) tmLC (6)I Loop u
w.,ClrV....·t

IC~om~r loup 0-9 Kft Nt.. (0) '-12NLU(1) 12. 11 K.ft Nt. (3)
1& • 2- Ktt t,. (7) 2~JDKft L (10) ::It 30 'bL(12)

i IMp""". \I

r....cld IlIt "" ••1.... 10 aiIIIm Ilot 5aIII ofValllOl
L-- ..~-'..fI._ r

,.aU tn. Sum of 'i.lues and find the rID" that ickntifitJ1M mOSt oprimistic; pam'bl. daD m. (or
~hlS conne~t1on.

7. Conc:luslons
!h! !!.tUhs pf Ut'li ...... clAd)'.NtbIJ V,34 modem Pill my pt'" over the
swuchcd Icj·,bOft' "ark.. lluIlS clue....-. ...,..fill IbM awe in the MtwOrA..
but on how modem mlftuflClUml haw implerncm1d.. V.)4rttOmt__QIIQ.

ThIr cclcphOM ft*tWOfIc \I m.de U1t of'PCM 1&m wiU\ AID _ DlA~ JiIdt 1_ ~11

dClTad. I \'.34 modem CGMICtIOft by one aev,1 ..., tbt addict", of.-au-- ftOIIe

Intro<b.iced b)i chc u-'-- fMGOIhna - 4&KoclmC· WMft 10Cll1 cable u added 10 ,bD.lplluan. I
ltnlth of more than 9 fCft or"..wiU .... '1IIOdIIl connect rate due '" ..~ TUU-
oft at dI, lnlh c:nc.t of tM JPi'Ca 111ft.~. UI 1IlephaDe CGftIPIny hid anll' 41 1rMtWDs.
,1M an d1fl'tlllNftklnc blfwcen chan aid IU -IY local c:Dle that UV« 9u.. aU their
cUltamm would be happily Nnmftl thc1f.. lines 1& 21.1 K1Ips. HowevIr, 1his Ch"aronmtm
40fS not ."',,, at dus hmC. Many IftOdIm '11m will hive dati COl......a' laI tbaA 21.1 KbP'
but bec:aust ofbow V.J4 moGaftl apcra~ cMy wall Nft at" mDIl."aiJl\um rate PGII\'\t••

a. References
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GUIDEUNee FOR HIGH allDD ANALOG DATA TRAM..lSSlaN IN THE

IWrTCHID NETWORK

1. Introduetloft

Thl~ teehmc:al m""cnndum C1'M) d11Q&S$111 JUidtUna tarhi'" "-'tli'" em
I swtcclw4 rumrtOfk _ .-floc" 1M..........~ ¥lich 1OdaYI.-rwork
c:onfilW'ltJons and new lup tpnd modem teQnoJoiia.

The 0"111\&1 scQ1Se afUUS decWncnt wu CO mdieall JII'QMdul- far tile loQJ II'lcphane GCI'I'ftPIftiCl
to allow ttu:1T' CUSlOmtn to run V.3~·1' mudcmt ac eM...4aca .... or2l.1OO trill..tt:e:vnd
(bp~ I. Jt bcc:ame apparent that chis is naI alwa)'$ poaibtt. I,.,awr'""'11clIpeactiq Oft
how each C\lSlOrMt'S SCMct as ~'deQ Ie man1IId... the ...,........call to UN &r
end. in miinY c:elQ. It win be U) 1ft Imcmct Smricc Provider (lIP), _1tteir tKiUtiP 'W\ll
Influence tM overall daUl ecmncCUGCl. It W7.111!SO dtplftd GIIIWIItCRkmI tIat IK bcinI unci.

V.~ tecnnololY 15 Dascd em auumptiofts ud euu....i... that the loc:aI.ltpbcmc companies
."It na cofttrvl O~. HDwevcr. 111~ o(bow V.34 mCJdcms mab the conneC1iOft win
take some o! the mylteTy out of the black boJ..

Labol'l'Of"llll!5\~ wert condue1cd 10 ese,mmne the c:ft'eets of-101 CO cliJitai (AJt') .0 CSilJtallO
AnAlo! (o..~} eonvmlQfts on V.14 modem CcmnccuaftS. AlIa. VInCIUI cables.phs wtth
bndgcd·uaps (BTl wen: put unctcr tell CO undcflcan4 then'~ an datame CGftftICUOfti. A c:hart
has been dev=!oped In an ancmpt Ie) quantify Ibc effects of_ t81cpMM MtWark Oft Illy ClYt!l1
COMeC:lI01'1
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2. V.34 Futures

2.1 V.34 va. V.,2bls~GIJ

AS WlV1 !he V.32bts spcc:U1Q1lcm. V.J.' deftulla 2 .... AIU..cIiU -.I ....1.modem
~I both synctnaous aasd pYDC!naQu$ apIIIDCID5. LibMte. -l1*ir.-an oaSls far
aut01'l\1.tlC fallback ~bihty WIth lGwtt _ell modImIlUCb IS V.32. V.mis. .

A nne!e.om~anOr the clitTenmces are 'istM~

I v~ V~j..
I 1iM_TYJI'! ! fut:d Modull"an AdaIIM 1IIIIl1ipuc

DtQbt~ 114.4 kt2P5. 7J _ 2a.1 II:bps • Z@tIps
I
1 Bandwt4rh ftue V.-lc
1

2-chmensu.mal\ Treon,s CodIng ~onaJ

I"d.aptwe f.quahu\\On l.uar PftccdUll
I

\ Mappmg 12>0 SI1eIl Mappmc 16-DSMn~ml

\ ..\\sx'!lary C~l •
NOM 200 bps

I I
I Opmanl Mode~ I'Fun J)U1tIe), FuUDuplex
1 I HalfDuJtln (Fu) HaltDup1cx (f"~

L- I:

2.2 V.34 ~tUI'O

Th«se in tne n~ (ncuret a( V.34 modems thlt will respond to eM teh:phane nelWGtt:

1. Ncgotl~uon handshaa
2. Line Prob1n~

, Pl'ecodlns
4 4.d.lK'~ Pww.imphull
5 ,"'d&tm'" Power CanlnJl
6. Multt-G,tMftllClntl T,!I1hs ee.duIl
~. Shln~.Ca.k... sbalMl)
8 Wtrptnf

How do thc"y &~Nany work~ tt " •~~.._,,_. 'the faUowialJ M.lIriet'
dIscussion (,If 1M major features wtuch." aplftUlft1ld in V.J.4 rnadcmI.

~.~.1 "tode NeptiatioD lIaadskak.
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A I'C"N huQaMke 5IIIIt "" proD"'" dewl.a IPICiftaIIY far VoM __pracIucts. V.I. mctu.des
baciwltO CCM'ftJ)IUbibJY to all lower speed moMma~ prcMIicm$lO~1Nl1fttlrWat'k
wnh,. V.32biJ dcianc4A.U1~ _ ....~.ThiI is_ ftM siIIW aetup tbal
QCCun berMreft two V.l. modems wftIft maIcmIl~ M wi1tl cxMr ....CS 0I1be V.34
specifICation. V., IS an Ing11ipnc pra..... tlto-m, V,J4 madmnl10 -'arm faue and modi
MPtaUOft q'lsckly. utiliZlftl V.21 (300. fSIt) ..... to -cbIap ,nlamwClCm.
Nc,onanon paranu:Ilm matude aach iaf«maUn a:

• Id-ftuficanon afV.34 modem. ft'cJm all 01Mt J)I'pa

• Data made or Tal Phone optnt,cm
• ModUlanan modes .m1Ibl~
• v 0&2 and \' .42b'l SYISPM1
• W,,'~hIlC or Cdlu"" opetItian

:.%.: Liae P.-ot"••

Line proinng 15 liM: mall aanifteu\1~t .. the..~ .... in eM V.3o' nmdInl
it IS the tallC eapabiltay lhat allowl a V.34 modem III~ cbeo5c the aptImurn opcrttml
param.:te:s for any "ven It1cphane caanccaon. 1& it abo the .............fMturwrs of~
dc\mmftt ta.e arder of the feaCUrCS to be .,Janc:ntad.

Lme l'rODIn8 15 a bl-d1RCucmal balfduplex exchInp which" ptrfmme4 inncdlllely .rc.r V.I
MCOUluen It nwot~&he nnsml$l'CM of~l toneS nIIII'DI fr'Dal150 Hz 10 )750 "" thIc .nawt
the dlswu n:cC$\"er co analyZe dw~ oelke _k-phone 0-'1 befen CiItIet"" daCI
tTanSmlsslcm. The modrms use ttua lme IftI,lYS1S m(onnauan to ebocMe sevml key apI'r'Inng
param.*"" ,neludm,:

• Camtr FreQuen~r and Symbol Raw: 'nul dccermmn UW~ bInclwiddt ancl plccemc:nt
,cenlel freq~c:>,) of the uansmmtd tipal WI1hin 1M available chltlQCJ bInclwIdth. Tht
mOQcms have' 1 JiOISlbi. c:am~,naQaq$ to eMose £rum with 6 ctitrlJft:nt IYrhbolliza. ach
wah:: tt0551ble tameT frcquenclt!s. Thnt arttte symbol nIU Aft mlU&taIY and mru In
<,,!'lIonal esCt o.ndwtdth reqUt~u)

• Pre-EmpnUl& Selecnon. The madcm5~ Ihe opQmum~JIft~ filter from a
menu of 10 4eflned filtm 1n the V.14 $l)CC1fiClUOD. (see Ada'pnve Pre..,h&siI)

• PO\lr'tr Control S.lee:tIOft The maOems choose 1ht oplUnum tnI1\SnUUI'r DUq)Ut IN)WCf level
WIIn I ranI' of 1c:h:etlon of t. dB m Jd9 UlCl'l'l'M'DUi doWft !ram.. nammal -9 dB
traf\smntft' l~C!1 (sec:A~~ Power c::oncrall

Lille pTOb\1\1 \5 pwriomwd. on every new caaneclian 1$ well as whIft • fUll renin occurs. which
~n be 1)erlarmc:d at anyumlt du:rusl a eaanceuen. 11us allows V.34111Ddrms __ cmAy~ 10 •
~ ratt,e ofdlffc:rent hne 1ypcs cd dlsmmcms Ram CIll10 caUl bit••~ YIfYD\I
hnr: condltu:ms ov.-r lon, periods of tuM an IIYY Ii""" COIlliiCtwft. Wbh V.34 madcms. '1$

pIrrlannance decay, meN prance of ,ifni vvyms disulnlaas. Utemockm CID rc-emer line
praban, at -"y time to Icb\&St for. i.e. "adapt U)- 1M Jft'YIiha\8 c«tditicms.

• 3
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Pn:caclmIIS ICNIlly • moditIe:at&an un tin~"~ ..........*"*!0pe4 &II ttw 10"70'.
DOWI\ as DlCtSlOftS f_back EquahzatioDl or DPE. DIciMnF"'k lqualiZers have bcca
prcrven to be &be opmftUft'lTlCltvtr Iqualizatilm =Maqaac 'or -'01 'YOWl .............. ell'
QOMlN'ftR.e (ar J:uasymbaJ JmerlmDCI aS1> c:aUHd lJ, IftClly clistaNti chanels. nu i\
.genua! far hl.h speed modtml thaI fteId 10 ubi. ftWI'Y __01 the hq-=y..~
available on me line.

The Mile ,cta IS to 1p1n me DFE bctweaa 1he trlIaRnt_..die nceivar. In 10 4_1. the \'.34
recelVCf catcuAle$ the cpnmlDn equa1=r caefkt.1I U 11 wau1d tor a narrnaton. bul m-ys
dwm back CO lhc nnmuncr whM _ aanaa_1i1Dll ,s __... bIfaN "'amiuion. Thr
TU\llt IS the beSt ofbaU\ worlds. Oec1S101\ Fwdback Equalaauem tlr4t1oyiq "lft"-equahzatton
InC Trellis "Codtng" wh"h ~iI KPre.coclin,."

1.1.4 Adaptive Pn-Etap....is

Thas 1$ another teehl\OjolY taken from the '*' (farmally 1aIcWtn. '"CCft1Ilemu."~an Of
"pre.cmphilil5") ancIl:1\twu:1CI WlCft adapn" lnmlUswnc:-. In the ,...~ have
~LCJYec & fixed \lmlon ofthrs *bnaloIY while sa V.34 it illdIpciYt bIIId an ac:u1 liM
chJ.raerertstlcs. Withpre~s. Ux nASmittcd liplll is pa$IICI tlnulh IlpIC:Irallhapmc
filter wht,h boosts ,,11\1I, &II same pans oichc trIftSI'ftIaft spectrUm 9IMe ---=1 Slpais U'l

omlr pans of the specwm.Prt~ " YWY eft'eaCIve apam....kllpcndcnt cbIlunsQQ.
The Idea .5 to aPtn J1rc·compcnsaf.e for known chianti~*"*' in Line frabml· If for
example. hnc: protnnc~ we seven: rau-otr IS peCIQlt acUte upper '*" artM chOIcn lfIMmn
sprclrUm [hen In a"ppropnltf pre.cmp~ftlleT can be muacIucId in the cransnu_lO
eom~s," Not anty 1$ me dlt'eCl efi'.l of the ebIMtl di'tomDft compeasatee1 fOf. bUt the more
"vere Slat err.cu of non·hncat dts1omon an: mmimia:d u well.

The ,nt_lh.enee CD~S m with the selcclum of wtl1ct\ pre.emphasis fil. to uuUzc. The V.34
spcClficatlon deftncs to chffcm\l pra-c:mphas\s filcers lei chaote hm. the mfonnatian *=mec1
dunns lane probrns tl m. pnmuy deeJSICIrJ anreru in setecanl the GI'ftm'Um prI..cmphaslS filter.
the ac:tual method of which 15 up CO dte 'ftll'lcmentQf..

2.1.5 Adapti,,~ Power COlltral

PropCl" s:lcenon of !m1$mlctef power 15 ennea's" h&1h IIICDd ache. cuaeelin. mocICm5. Uftlikc
older" ""tre modcrni or lower speed V.mas class modems. It il noT uue thac biPcrnnann
t'0wer IS always bcncr. =ho Racehnc modems MId 10 arib • bllInce btlWtlft IUp
Mit,mlnlon 1'OWU wtllch Qft tmpfOvc " ... to no_ mio for tNt&li.-1'ICIrivcr. but GIft
lna-oduce undes1ml .eM o\StDmon far tbe local n:cclVC. On use o1hc'r bIftd. _ 'ow of •
transmtnad IIIMI comprrmuia buff; sipallO lIO.se mo. Adaptive: pO'MlI' canttot is 1ft
lntelh,mt. adll'tlft Ichrme which aummlllAny Klcces the opcimum nnSftl1e leVel bIsIci em line
prnbtns relilollt~ A ,.latt,,-Iy lu"pie COl\cepl. but a CI1l1callDd cOftlltJaldebc:m bl1Ince.

2.%.6 Mutti-Dim'Ds.oaal Trellil CodiaC

_.



Trcl!ti codiftl. sampl)' put i,. fDrward ...ton'"........ 1111~.of_ caclml "
~ as I-CGdmC..- ft." a_111ft of_.11 21.""i1Apra~aver 112
uaoodcd modc'm. F11'" i_Wiehedraaw CIIIdinI af_lbreI..cocIIs IlIIIPIcWId 11'1 U.
v.34lfJK1fiRaon "COIft1IIml to the i~ ia V.32b1s....

The sll!Ufu:ant poUlCS relative co mu.lti ianal codmlln::

• V.)4 "'~oYIW'ecncw .......-.1 lcbImaca to_ 2.........1
scheme cmplOYfld m V.lllHfi. 4I-dill ' cod fcnalao tnVi* dw best1I'Ict.-
off HtWICft perfomu.nce. delay..campIa.Uy or 'icIIL

, As ~1In be ICCn by 1M pcrfDf1RlDCjC pia 'n. com,Iaisy hila 0& tIM: V.)4 ItIAIIInb bady hal
approtlc:hed the lnmu ofdimsnisbiq t'ItUIftS ., Mhiew me cIaiml pcdormanc:c.
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